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FORCE AND PRESSURE MEASUREMENTS ON SEVERAL 
CANOPY -FUSELAGE CONFIGURATIONS AT 
MACH irayEERS lAl AND 2.01 
By A. Warner Robins 


SUMMARY 


An investigation has been conducted in the Langley L- by 4-foot 
supersonic pressure tunnel on canopy pressures and canopy-fuselage forces 
and moments under conditions of combined pitch and sideslip. The canopy 
configurations tested varied in windshield shape (flat, vee-, and round), 
location on the fuselage, and fineness ratio. All configurations were 

tested at Mach numbers of 1.4l and 2.01 at Reynolds numbers of I .74 x 10^ 
and 1.44 x 10°, respectively, based on fuselage major diameter. 

Drags of the canopy -fuselage combinations varied from lowest for the 
flat-windshield configuration to highest for the vee -windshield configu- 
ration. For comparable canopies, the configurations with the forward 
canopy location produced less drag than those with the rearward-located 
canopies, regardless of windshield shape. The effects on drag of wind- 
shield shape and canopy location were diminished with increase in Mach 
nmber from 1.4l to 2; 01. 


INTRODUCTION 


Because of the high air loads and temperatvires associated with super 
sonic flight, the best compromise of aerodynamic, structural, and visibil 
ity requirements in the design of canopies for military aircraft is criti 
cally dependent on the accuracy with' which loads and aerodynamic 
characteristics can be predicted. Since practical methods for the 
calculation of pressure distributions and forces on such arbitrary shapes 
are limited, experimental data are required. A few papers showing experl 
mental results are at present available, among them references 1 and 2 
which deal with pressure distributions of two rather specialized canopy 
conf ig'urations at supersonic speeds . Reference 5 is concerned with 
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transonic and supersonic drag comparisons of forward and rearward locations 
of a canopy on a finned test vehicle. A free-flight drag investigation of 
windshield-shape effects at transonic and low supersonic speeds is reported 
in reference k. Reference 5 deals with the location of a canopy in order 
to improve the longitudinal development of cross-sectional area for a wing- 
fuselage combination at transonic speeds. 

The present investigation is part of a program of the National 
Advisory Committee for Aeronautics to determine some of the effects at 
transonic and supersonic speeds of windshield shape, canopy location, fine- 
ness ratio, pitch, sideslip, and Mach number on the aerodynamic character- 
istics of several canopy-fuselage configurations and on the pressure dis- 
tributions on the canopies . Reference 6 reports the force and moment 
characteristics at transonic speeds of some of the configurations of the 
present investigation. The present tests were made of models with flat, 
vee-, and round windshield canopies in forward and rearward locations on 
the fuselage. The fineness ratios of the various canopies were approxi- 
mately 7-0^ 10.0, and 12.0 (based on the ratio of the diameter of an 
equivalent body of revolution to the length of the canopy in the plane of 
symmetry). All configurations were tested at Mach numbers of 1.4l and 

2.01 at Reynolds numoers of 1.7^ X 10^ and 1.44 X 10^, respectively, based 
on fuselage major diameter. Two canopy-fuselage configurations and the 
fuselage alone were tested for angles of attack from -6^ to 12^, and all 
configurations were tested at 0^, -4^, and -8^ sideslip at Doth 0.4^ and 
6.5^ angle of attack. In all tests, boundary-layer transition was fixed 
1/2 inch behind the fuselage nose point by means of a roughness strip. 


SYMBOLS 


M free -stream Mach number 

q free -stream dynamic pressure 

p^ free-stream static pressure 

p local pressure 

p - p 

P pressure coefficient, — 

a angle of attack, deg 

P> angle of sideslip, deg 

X distance from foremost point of canopy in plane of symmetry in 

an axial direction 
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Xb 

I 

^b 

0 

Ab 

Amax 

Cc 

Cy 

Cm 

Cn 

Cl 

^Df 

Cd 

Cda 

^T) 

% 


distance from fuselage nose point in an axial direction 
canopy-profile length in an axial direction 
fuselage length 

lateral angle measured from plane of symmetry (see tables X, XI, 
XVII, and XVIII 

area of base of model 

maximum cross-sectional area of canopy or of a body of 
revolution 

normal -force coefficient, 
axial-force coefficient, 

qAfe 

lateral -force coefficient, 

qA^ 


pitching -moment coefficient, 
yawing-moment coefficient, 
rolling -moment coefficient. 


M ' 




N 


L 

qA^jZ-jj 


Df 

drag coefficient, — =- 

qAb 

drag coefficient, 

qAb 


incremental drag coefficient. 


drag coefficient. 


D 


qAnax 


incremental drag coefficient. 


D - Df 
qAb 


D - D^ 




ax 
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X 

Y 

Z 

Df 


D 


M’ 


N 

L 

K 


P.L. 


force along body axis, positive when rearward 

force along lateral axis, positive when starboard 

force normal to XY -plane, positive when upward 

force on fuselage alone in strearawise direction, positive 
when rearward 

force in strearawise direction, positive when rearward 

moment about Y-axis, positive when tending to lift nose 

moment about Z-axis, positive when tending to produce a right 
turn 

moment about X-axis, positive when tending to produce a right 
bank 

longitudinal location of maximum cross-sectional area, 
percent of length 

designation of canopy-fuselage parting line 


MODELS AND INSTRUMENTATION 
Basic Model and Canopies 


The canopy shapes were tested on a drooped-nose -fuselage forebody 
having an elliptic cross section. Drawings and dimensions of this body, 
and the base plug which was used to minimize base-pressure corrections, 
are shown in figures 1 and 2. The various canopy configurations are 
described in figures 1 to 5- A family of six canopies of approximately 
the same size, fineness ratio ( 7 . 0 ), and profile was tested. Canopies 
with flat, vee-, and round windshields were tested at two longitudinal 
locations on the fuselage. Two smaller flat-windshield canopies of lower 
windshield slope having fineness ratios of about 10.0 and 12.0 were 
tested in forward and rearward locations, respectively, on the fuselage. 
These configurations, which are described in figiores 4 and 5 approximate 
existing supersonic designs . Photographs of all the models are presented 
in figure 6. 
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Ins trumentation 


The forces and moments on the models were measured hy means of a 
six-component strain -gage balance mounted within the fuselage. Moments 
were measured about a point on the model axis l4.8l inches from the nose. 


Pressure instrumentation was provided in each model. The pressure 
orifices^ which were encircled with ink prior to being photographed^ may 
be seen in figure 6 . This instrumentation was provided on only one side 


O'P -nlo-no o-p 


GO that both positive and negative sideslip 


angles were tested in order to determine the pressirres on both the 
upstream and the downstream sides of the model for a given sideslip angle. 
The locations of the orifices for each model may be determined from 
tables X to XVIII. 


Small prisms were mounted on the surface of the fuselage so that 
either angle of attack or angle of sideslip might be measured by a 
spectrometer head. 


TESTS 

Test Conditions 


Mach numbers l.J+1 and 2.01 

Reynolds number per foot at M = 1.4l 4.18 x 10^ 

Reynolds number per foot at M = 2.01 5.46 x 10^ 

Stagnation pressure, atm O .95 

Stagnation temperatiore , °F 100 


Corrections and Accuracy 

Although force and moment data were taken at both positive and nega- 
tive sideslip angles, the subsequent tabulations and plots show only one 
value for forces and moments and, essentially, only negative sideslip 
angles. Both sets of values, however, have been used; the data for all 
positive sideslip angles greater than 0 . 3 ^^ have been folded and averaged 
with data for negative angles . 

Where angles of attack or sideslip could not be measured optically, 
the calibrated deflections of the balance under load were applied to the 
no-wind calibration of the angle mechanism so that the estimated angle 
accuracy was within + 0 . 15 °. 

Base -pressure measurements were made and axial-force data were 
corrected to correspond to a base pressui'-e equal to free -stream static 
pressure . 
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The force and moment coefficients are believed to be correct within 
the following limits: 


Cn 

^c 

Cm 


Cn 

Cy 


± 0.0080 
to. 0040 
±0.0020 
±0.0015 
±0.0040 
±0.0095 
±0.0040 


I 


RESULTS MB DISCUSSION 
Force and Moment Data 


The six. force and moment coefficients based on the body -axis system 
plus the drag coefficient based on the wind axis are tabulated and 
presented in tables I to IX for all model configurations . Because of the 
large ajnount of data and because drag considerations appear of greatest 
general interest, incremental drag coefficients (difference between the 
drag coefficients for the body alone and those for a canopy -fuselage 
combination) are the only force data discussed. 

Figure 7 shows incremental drag coefficients plotted against sideslip 
angie for all canopy-fuselage configurations at various Mach numbers and 
angles of attack. Drags of the configurations with the three windshield 
shapes varied from the lowest for the flat-windshield configurations to 
the highest for the vee -windshield configxirations except for the configu- 
rations with the forward-located canopies at M = 2.01 where the differ- 
ences were about the same as the estimated possible inaccuracies of the 
data. For example, at M = 1.4l and a = 0.4^ for the forward-located 
canopy^ the incremental drag coefficient for the flat-windshield canopy 
was aoout 75 percent of that for the vee -windshield canopy. For the large 
canopies, the configurations with the forward-located canopies produced 
less drag than those with the rearward-located canopies, regardless of 
windshield shape . The effects of both windshield shape and canopy loca- 
tion were less at M = 2.01 than at M = 1.4l. 

For the small canopies, the effects of location are not readily 
apparent in figure 7 because of differences in fineness ratio and size. 

In order to obtain an indication of the effects of position and fineness 
ratio for the flat-windshield canopies, incremental drag coefficients for 
zero angle of attack and sideslip were based on the maximum cross-sectional 
areas of the canopies themselves and are given in the following table : 
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Flat-windshield canopy 


at - 

Size 

Location 

Fineness 

ratio 

Anax^ 
sq in. 

M = 1 . 4 l 

M = 2.01 

Large 

Forward 

6.91 

2.59 

0.560 

0.456 

Small 

Forward 

10.04 

1.49 

OJ 

.512 

Large 

Rearward 

7.06 

2.46 

.555 

.545 

Small 

Re ar^‘ 7 ar d 

12.06 

1 OX 

.55^ 



IL is apparent from this tahie that the forward location was also the 
more favorable for the small canopies . Reference 3 which presents 
transonic and supersonic drag comparisons of forward and rearward loca- 
tions of a canopy on a finned test vehicle indicates that in the low 
supersonic range a rearward canopy location produces less drag. This 
is in contrast to the indications of the present investigation. 

The M = 1 . 4 l values from the preceding table have been plotted 
for all the flat-windshield configurations in figiore 8 which also shows 
from reference 7 some M = l,kO drag values for bodies of revolution 
having various locations of maximum cross-sectional area and various 
fineness ratios. It should be noted that the data from reference 7 are 
concerned with drags of bodies alone; whereas^ the present data relatixig 
to canopies include mutual interference effects . Figure 8 seems to 
indicate that interference effects for the forward-located canopies were 
small compared to interference effects for the rearward location. Fig- 
ure 8 also appears to show that the drag differential between the large 
and small canopy configurations is principally a fineness -ratio effect. 
The location of maximum cross-sectional area (K in fig. 8 )^ which would 
in most cases be closely related to windshield slope ^ would be governed 
largely oy visibility requirements. It would appear that an efficient 
canopy shape on a canopy-fuselage combination would require a low wind- 
shield slope and a fineness ratio of 10 or more. 


Pressure Data 

All pressure coefficient data for each configuration are presented 
in tables X to XVIII from which plots of pressure coefficient may be 
readily made along longitudinal meridians or radially about a particular 
station. Plots of these coefficients along longitudinal meridians (see 
tables X, XI, XVII, and XVIII for description) are presented against 
axial location for various angles of attack and sideslip and for Mach 
numbers of l.kl and 2.01 in figures 9 to I7. 


CONFIDENTIAL 




83 




*••• • • .COW^BMTI AL* • * • • 


NACA EM L55H25 


Figure 9, 10, 11, and 12 show the pressure -coefficient distribu- 
tions for the large canopies at Mach numbers of 1.4l and 2.01 and indi- 
cate that pressure distributions over the aft portions of the canopies 
were generally not significantly influenced by windshield shape. Local 
peak suctions were generally highest for the vee -windshield configura- 
tions although the large flat-windshield configurations began to show 
appreciable peaks as sideslip angle increased. 

Figures 15 and Ik show pressure -coefficient distribution for the 
small canopies and for the fuselage alone. These, in addition to fig- 
ures 9 to 12, show that suction peaks in pressure-coefficient distribu- 
tions at M = 2.01 are generally smaller than those at M = 1.4l, 
although the character of the remainder of these distribtuions at low 
sideslip angles, especially for positive coefficients, remained much 
the same. Figures I5, 16, and I7 show the effects of angle of attack on 
pressure -coefficient distributions for a forward-located round-windshield 
canopy, a rearward-located round-windshield canopy, and the fuselage 
alone, respectively. The variation of pressure coefficients over this 
range of angle of attack (-6.0^ to 12.0^) appears to be systematic for 
these configurations . 


Force and 'Pressure Correlation 

A comparison of force and pres sure -measurement results was made 
where there existed identical conditions of pitch and sideslip near zero 
angle of attack for both force and pressure data. Measured fuselage- 
alone axial-force data were diminished by the axial forces integrated 
from the limited pressure data on the fuselage within the area which 
would be covered by the canopies . The axial forces from pressures on 
the canopies were added to these corrected fuselage axial forces so 
that integrated configuration drags for the canopy-fuselage combinations 
resulted. These integrated values are compared with drag coefficients 
from force measurements in the following table : 


Canopy configuration 

Drag coefficient, Cp 

M = 

1.1a 

M = 

2.01 

Measured 

Integrated 

Measured 

Integrated 

Large forward flat 

0.1695 

0.1719 

0.1900 

0.1813 

Large forward vee- 

.1879 

.1883 

.1971 

.1900 

Large forward round 

.1781 

— 

.195^ 

.1800 

Large rearward flat 

.1927 

.1772 

.2034 

.1831 

Large rearward vee- 

.2178 

.1893 

.2160 

.1933 

Large rearward round 

.1982 

.1802 

.2087 

— 

Small forward flat 

.1528 

.iia7 

.1475 

.1424 

Small rearward flat 

.15^2 

.1289 

.1420 

.1365 
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The appreciable difference between measured and calculated forces for 
most of the rearward-located canopies gives credence to the supposition 
of larger fuselage interference effects for these rearward locations in 
the previous discussion of force data. In the tabulation both force and 
pres sure -measurement results indicate that the flat -windshield canopy 
configurations produced less drag than the vee-configurations . The 
lower chord force for the flat -windshield canopy is associated with the 
expansions around the edges of the windshield resulting in lower pres- 
sures over the remaining two-thirds (approximately) of the canopy frontal 
projection. This effect is seen in figures l8, 19, and 20 which show 
pressure contours on half the frontal projections of the forward- located 
large canopies, the rearward-located large canopies, and on the small 
canopies, respectively. In contrast to those for the flat canopies, it 
is indicated by the vee-canopy contours that the expansion around the 
edges of the vee-windshield has little effect on forces in an axial direc- 
tion. In reference 4 the drag increments for the flat -windshield canopies 
of comparable windshield-profile slopes were higher than for the vee- 
windshield canopies, in contrast to present results; however, the frontal- 
areas of the flat windshields of reference k contributed nearly all of the 
total canopy frontal-area so that expansions around the windshield edges 
could not produce reductions in canopy drags. 


CONCLUSIONS 


Force and pressure measurements have been made on several canopy- 
fuselage configurations which varied in windshield shape (flat, vee-, and 
round), canopy location on the fuselage, and fineness ratio. All configu- 
rations were tested in pitch and sideslip at Mach numbers of 1.4l and 2.01 

for values of Reynolds number based on fuselage major diameter of 1-7^ X 10^ 

and 1.44 X 10^, respectively. The results of the tests on these configura- 
tions indicate the following conclusions: 

1. For canopies which varied only in windshield shape, drags were 
lowest for the flat -windshield configuration and highest for the vee- 
conf igurat ion . 

2. For comparable canopies, the configurations with the forward can- 
opy locations produced less drag than those with the reanward-lccated 
canopies, regardless of windshield shape. 


CONFIDENTIAL 



• • • 


• •• 


• • 


lot 


• ••• 
• • • 
• • • • 


• •• 


• • • 
• • • • •• 

• • • 

• • • • •• • 


\6X)^tS>E,ms&j3> 


• • • • 

• •• • • 

• • • • • 

• • • • 

• • • • 


NACA RM L55H23 


5 . Both the effect of windshield shape and of canopy location were 
diminished with the increasing of Mach number from 1.4l to 2.01. 


Langley Aeronautical Laboratory, 

National Advisory Committee for Aeronautics, 
Langley Field, Va., August 11, 1955* 


CONFIDENTIAL 



1. Cooper, Morton, Smith, Norman F., and Kalner, Julian H- : A Pressiire- 

Distrihution Investigation of a Supersonic Aircraft Fuselage and 
Calibration of the Mach Number 1.59 Nozzle of the Langley 4- by 
4-Foot Supersonic Tunnel. NACA RM L9E27a, 1949* 

2. Stroud, J. F., and Rich, B. R.; Performance Evaluation of XF-104 Engine 

Air-Induction System. Hop. NOe 9557.? Lockheed Aj_rcratt Corp., Feb. 1, 

195 ^. 

5- Welsh, Clement J., and Morrow, John D. ; Flight Investigation at Mach 
Numbers From 0.8 to 1-5 of the Drag of a Canopy Located at Two Posi- 
tions on a Paxabolic Body of Revolution. NACA RM L51A29, 1951. 

4. Kell, C.: Measurements of the Effect of Windscreen Shapes on the Drag 

of Cockpit Canopies at Transonic and Low Supersonic Speeds Using the 
Free Flight Model Technique. Rep. No. Aero. 2529, British R.A.E., 

Nov. 1954. 

5. Robinson, Harold L. : The Effect of Canopy Location on the Aerodynamic 

Characteristics of a Sweptback Wing-Body Configuration at Transonic 
Speeds. NACA RM L54E11, 1954. 

6. Cornette, Elden S., and Robinson, Harold L. : Transonic Wind-Tunnel 

Investigation of Effects of Windshield Shape and Canopy Location on 
the Aerodynamic Characteristics of Canopy-Body Combinations. NACA 
RM L55G08, 1955- 

7. Hart, Roger G., and Katz, Ellis R. : Flight Investigations at High- 

Subsonic, Transonic, and Supersonic Speeds To Determine Zero-Lift 
Drag of Fin-Stabilized Bodies of Revolution Having Fineness Ratios 
of 12.5, 8.91, and 6.04 and Varying Positions of Maximum Diameter. 
NACA RM L9I5O, 1949. 


CONFIDENTIAL 



TABLE I.- FORCE AND MOMENT COEFFICIENTS FOR BODY ALONE 


li 


••• •••• ••• •••; 
• ••• • ••• 


• • • • 

• • 

• •• • 


••• •• • •• 

• • • • • • 

•• • • • • 


* • •QoMi’HDHffPlAL* • 


• • • • 

• •• • • 

• • • • • 

• • • • 

• • • • 


NACA m L55H25 


o 


B 


o 


o 


to 

0) 

ax 


to 

(D 

'O 


rH O 0\^ fH cr\\r\OD ri^ H ^ 0\ t^\f\ 

O cr\\A gscvi CV vO Os o ^ 


88€§88888888 


I I 


I 


I 





oo r\-=t Os 

^ Os 

Csl CSi CM CM H 


Q'OohOsMDcm r-r-oo 
OOOOD-^Q C^tAr-t^Vf\ 
H H H r--\Ar ‘ 


q fH ITS 

OOOOOOOOOOOOOOO 

— - - - 


• O 

I I 


I I 


0 

1 I 


H C^CQ CM-^O OoOC^vOCM 

O CO Os r*~ O o — ~ 

H O g Q O Q gs Q H ri ‘ 

i—l iH iH r- 


OwO OO CM 
^ ^ i i i P Q ^ ^ 


K«S 

888 


>-=t\AO-=tCM r^-ztOsOsOtA 
> CAOsHcAr-lcAVSCAC^r-lt^ 
>CMH^rvCM<ACMHOOO\CM^O 
^CMCMCMCVJCMHOOH CA-^ 

►•••• •• ••#•• 


O CO O O coo* * * • 

II II O O O O O O O 


-^’-ST-ir-d'lAUWA'USO O O O O O O 

O O O O 'O vO VO 'O 'O O ovOOsCM 

T I H 




Os 


cnc^iH 

oq GO p CM lA rr\ Os Os Ost^CM 

rj fA 0s-::t \A iH \ACM M CAsO O H 

liHCMfH 


HrHrHHCMr-lfHiH 


^CMvO^CM^CMCMaOCOr*-*r*C^QOH 

OOOCQCMlAvO 0\\ACOGO C^sO C^oO 

OCM-^OOAi -:^00000000 

I I I I I I I I I 

CAC^O «AOsr-H Os r- H ^A CM VA NO \A 
rH iH -:t CM rA-:^ O CM caVAnD Os 

g^goo4c--^ 

• • • 


P OO ^ CO rH NO CA fA^O lA CN CM 

W^OOCOOOOOSOCMNO O NO 't-AsO \A 

8 8 8 ^ ^ 




o OO a o o o 

I I I I I I I I 


8 0Sr^VACMCMrA^r-lQ 

Os-Cf rA CO nO P CM ui \ cy go #a 

0S088888888888 


• •••••• 




CM us CO CM 


O Q O 

000 


f 



O iH fAfACQ fAC^cO CA CA Os^ GO 
<A r*-\\r\QO -3 vO rA CM C^rA'tAcA 

SSS888&^Sg88SS‘ 

...... . ...... . 


CA O Os CM 
00 CM C^sO 
ri CM r-f iH 


at 


O\n 0 On CO \A Os cm CO CO 
'^OsiHr^ONOOQC^ 
CSJCSIrHCMrHrHOsrH 
rHiHriiHHiHOiH 


2 ^ ^ OOOsOsCM 

^p-^CAsC <Ap CAtH OO-^tfAfH 

CM CM lA rA-5>0 OslA rA iH CA 
OOOCMCSiCMCSJrHO CM lAVA O 

. ^. ...... . ... . 


O-^OOO-^GO^^ 

II I I 


<ArArACArACAC^\<A 
* 0 0 0 ^00 

000000 


-^-^-^\A\A\A 00000000 

O O O sO NO NO NO <A CANO On CM 

I I fH 


00000000000000 

• #***«o*oo«*«» 

CMCMCMCSICMCMCMCMCMCMCMCMCMCM 


CCNFIDENTIAL 




NACA RM L55H25 


• • • • 

• • •• • 

• • • •• 

• • • • 

• • • • 


• • 


• . 




•••• ••• •••• 
• • • 

••• • ••• 

• • • 

• ••• •••• 


• • • 

• • 

• • 

• • 

•••15 


O 

H 


O 

O 




Q 

O 


o 




S5 

o 


bO 

xi 

% 

CO, 


tio 

'S 


VNrH OOXACQ <KH 

^ o«rfco 

H i-t CM r-l CNi OJ H 


f^cnVNOI-^^CM 
C^-:J 00 vO r^Vf> ro 
O CM o o r^-:t o 
O CM if\o CM>0 O 


Q O 

O H OCM H-=r 

Sr1«^®>OCMr-40 

•H CM CM fH CM CM CM 


^-^vC CO t^vO C^C^ 
HvC CM 
Q CO Q H j-t 

^cm\a 5 o 


• • 


r-l Os CM O r-l O^lA 

rH cncQ-5vOvO - 

Q Q >0 CM 

O O fH 


p 0\ o vr\ f^vo <r\cO 

c< op H ^ Q CM rrv 



CM O GO 
^ 

S 8 8 O O 6 O 

I§S5^~~ 


?!>S Q 99 

ri iH On m 5 CK 
Q ^ Q ^ iH iH H 
O O O CJ CM CM CM 


t I 


• • • 


O-^flO O-^GO o 

i I i I 


-s -It -a \/ \\A \r\ w 

• •••••• 

O O O NO NO NO NO 




• • 

I iH 


• • o 


CO H ^ Q Os ONU\ Os 

vjc^onnShon- 

CJ CM CM CM H O 

qqoooooo 

r^VNONrH ONCnNO-Sr 

jnrncn cm VO 

^ono o\ r- r - 00 

r-liHCMr-IrHiHr-lfH 


•ftvONO r^-sriAiAso 
^ ®2 rD <r> H CN 
O-^v0-^xf\N0 m\A 
OOOOCMCMCMCM 

f f I* !*•••• 


o-j»«oo- 5 rooo 


-5T \A \l> \A tf\ 

9000 »# 0 « 

OOOOvOvOvOvO 


qooooooo 

CMCMCMCMCMCMCMCM 


CONFIDENTIAL 








NACA RM L55H23 


On cn^ O oo q 
r^r-tmootncvjcv 
0 OH^ 0 \OCVJO\O 
HCMCMi-ICMCMCMCM 


rH 0\ O \A 

0 \\A H 

0\r-l OO 0\CM H O 
iH CM CM fH CM CM 


tr\ r^\A r-| CO COXA CO 

r- Ov-cf\f\oo r^oQ 

8 cm Q Q O OO'O Q 
CM V^O O CM vC O 


r\\A«D CM rM \ACO 
^ CM r- o O CM 
QnOgD iH CM\ACM 

o CM vrs o <nr- o 


CM "la tH vO H cm 

CM o <nO m-Ct-CT CO 


CM o <n( 

< 

O r-l < 


O O CM 

O O r-l 


O O O <M O O 
M H v\ 
Q NO CM Q XAH O 
O O rH O O fH o 


^ CO r-f r-l fH CN \0 ( 

Q Q MQ 


: 8888 § 


I I I 


'C CM iH CO r^- 

^ CNXA 0 \ O I 


C7\ CN XA 0\ O ri GO 0 \ 

8888 &'fgS 

I I I I 


CO c-roco roo C^s 
vO OsvO CO o 0\ 
CM CM CM CM Q iH O 

o o o o o o o 


O \A-d“H 'O COXA CM 
COvOXAQ C-CMCM On 
CO Os (A ^ r— GO OO C- 

•HrM^rMrMr^rMf-l 


\A-=f' 0 -=t e^ 

C— NO r-f Os vx CO On 

Os 0 \ O On GO C* 

^ CM iH iH iH rM 


Os-4^OnOn000OCM CO 

C-XA Os C^-TT^IjA a- 
OOOOCMCMiHCM 

f f r f * * * * 


CM vO^ Q COCO r-f 
CO r-l COO OnXAnC 
\A XA t^XAXA ro \A 
O O O O CM CJ CM 
O 0 • O o # o 
lilt 


0 -=t 000 O-^COO 

II II 


o «^oo o -<^«0 O 
II II 


-^- 3 ’-^-rtXAXAXAVO 

OO 00 O 000 

O OOO^OnCnOnO 


-:^-: 4 ^-^-rtXAXAXA 

0 O 0 • 0 • O 

O O O O NO vOnO 


00 OO 000 O 

rMrMr-fr-IHr-ff-IrM 


^ rH iH iH iH iH 

O O O O O O O 

O 0 0 0 0 0 0 

CM CM CM CM CM CM CM 


CONFIDENTIAL 







• • 


• •• 


NACA EM L55H23 


• • • 
• •• • 

• • • • 
• • • # 


• • • •• 

• • • • • • 

• • • • • • 

* tmPTBMTML • • • ' 


• • • ••• • ••• • • 

...• :,,r5 


TABLE IV.- FORCE AND MOMENT COEFFICIENTS FOR CONFIGURATION WITH 
FORWARD-LOCATED ROUND-WINDSHIELD CANOPY 


M 

a>deg 

p,deg 

Cn 

Cc 

Cm 

C7 C 

n 

s’ 


1.141 

o.U 

0 

-.0128 

.1782 

-,0051* 

,0001 -,002a 

•0083 

.1781 


0,h 

-u 

-0OI67 

,1860 

-,005a 

,0003 .0737 

.2316 

,2016 

loUl 

o,h 

-8 

-.0256 

.1881 

-.00^6 

-.0012 .laai 

.5106 

.2572 

um 

6.5 

0 

,2170 

.1636 

♦01*25 

.0001 -.0075 

.0031 

,1921 

i.ki 

6.5 

-u 

.2153 

.1701* 

.oaa2 

-.0025 .0666 

.2860 

.2132 

l.U 

6.5 

-8 

.2043 

.17U3 

,0502 

-,00aa .1262 

.6301 

.2821 

loia 

6.5 

0 

.2195 

.1696 

.0U25 

,0002 -.0075 

,0010 

.193a 

i.m 

0 

0.3 

.oUio 

,1812 

-,0052 

-.0002 -.0113 

-.0073 

.1812 

i.ii 

3.0 

0.3 

.0693 

.1768 

.0187 

,0001 -.0131 

-.009a 

.1802 

i.ta 

6.0 

0.3 

.1926 

.1707 

.Ola? 

,0006 -,0152 

-.0125 

.1900 

i.ta 

9.0 

0.3 

.3286 

.1655 

.0627 

.0010 -.0153 

-,oao6 

,2151 

i.m 

12.0 

0.3 

.5032 

.11*91* 

•0779 

•0015 -.0136 

-,0750 

.2511 

i.m 

-3.0 

0.3 

-.11*39 

.1850 

-.0291 

-.0003 -.0089 

-.0135 

.1926 

1.I41 

-6.0 

0*3 

-•2696 

.1857 

-.0533 

-.0-002 -.0063 

-.0125 

.2129 

i.ia 

0 

0.3 

-.0385 

.IS05 

-.0051 

1 

0 
8 

1 
• 

0 

u 

-.0156 

•1806 

2.01 

O.I4 

0 

-.01*99 

.1957 

-.02^9 

-.0001 -,ooaa 

-,0038 

.1951* 

2.01 

0,u 

-u 

— .01*68 

.1958 

-.0262 

,0008 .0701 

.2671 

.2136 

2.01 

o,U 

“8 

-.0687 

.2059 

-,028a 

.0028 .1322 

.6021 

.2872 

2o01 

o,k 

0 

-.01*37 

,1957 

-,02U9 

-.0001 -.ooaa 

-.0038 

.1951* 

2o01 

6.5 

0 

.2531 

.1766 

.012a 

-.0001 -.0063 

-.0152 

.20ai 

2,01 

6.5 

-U 

.261*0 

.1791 

.0105 

-.O'Oai .0603 

.3385 

.2310 

2.01 

6.5 

-8 

.21*06 

.1850 

,0112 

-.0060 ,1107 

•7a59 

.3128 

2,01 

6.5 

0 

.2593 

.1775 

.0125 

-.0001 -,006a 

».oi6a 

.2057 

2,01 

0 

0.3 

-.0593 

.1952 

-.0257 

-,0002 -,0100 

-,0216 

.1953 

2.01 

3.0 

0,3 

.0781 

.1856 

-.001*5 

,0000 -.0126 

-.0317 

.1896 

2,01 

6,0 

0.3 

,2281 

.1770 

,0113 

,0003 -,oia3 

-.oi*a3 

.2001 

2,01 

9.0 

0,3 

.1*125 

.1706 

.0216 

,0006 -,Oiai 

-.0672 

.233a 

2,01 

12,0 

0.3 

,61*06 

.1625 

.0219 

,0006 -.0110 

-.1015 

.2926 

2.01 

-3.0 

0.3 

-.1937 

.2055 

-,oa75 

-.0001 -.0068 

-.OlJi) 

o2l5U 

2,01 

-6.0 

0.3 

-.33U3 

.2187 

-.0705 

,0001 -.0037 

-,0076 

•2525 

2,01 

0 

0.3 

-.0593 

.191*2 

-.0257 

-,0002 -oOlOO 

-.0229 

,19a3 
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TABLE VII.- FORCE AND MOMENT COEFFICIENTS FOR CONFIGURATION WITH 
REARWARD-LOCATED ROUND-WINDSHIELD CANOPY 


M 

Of deg 

P,deg 


C C Ct 

c m ^ 

Cn 


s 

i.ia 

0.I4 

0 

-.0179 

.1983 -.0109 -.0001 

-.OOlU 

.0062 

.1982 

i.ia 

O.U 

-u 

-.015U 

.20U8 -.0116 .0017 

.0732 

.2U33 

.2212 

l.Ul 

o.U 

-8 

-.0359 

.20U3 -.OllU .0055 

.1397 

.5503 

.2787 

i.ia 

0.>4 

0 

-.0153 

.1973 -.0110 -.0001 

-.0015 

.0062 

.1972 

1*1(1 

6.5 

0 

.2380 

.1870 ,0271 -.0001 

-.0050 

.0083 

.2127 

l.bl 

6.5 

-u 

.2U18 

.1896 .0271 -.OOUl 

.0603 

.3217 

.2377 

1.1(1 

6.5 

-8 

.2277 

.1901 ,0288 -.0057 

.1111 

.69U6 

.3093 

1.1(1 

0 

0.3 

-.0332 

.1975 -.0102 -.0003 

-.0105 

-.0177 

.1976 

1.1(1 

3.0 

0.3 

.0870 

.1917 .OlOU .0000 

-.0015 

-.0218 

.1961 

i.ia 

6.0 

0.3 

.21U9 

.1863 .0268 .0003 

-.0U6 

-.0280 

.2079 

1.1(1 

9.0 

0.3 

.3633 

.1810 .0385 .0006 

-.0111 

•»«03dU 

.2358 

i.ia 

12,0 

0.3 

.5577 

.1700 .0UI8 .0009 

-.0099 



i.ia 

-3.0 

0.3 

-.1509 

.1993 -.0319 -.0006 

-,0092 

-.0156 

.2070 

i.ia 

•6.0 

0.3 

-.2635 

.2007 -.0537 -.0006 

-.0071 

-.01U5 

,2272 

i.a 

0 

0.3 

-.0332 

.1975 -.0101 -.0003 

-.0105 

-.0177 

.1976 

2.01 

O.U 

0 

-.OU69 

,2090 -.033U -,oooU 

-.oouo 

-.0039 

.2087 

2.01 

o.U 

-U 

-.0U69 

,2103 -.0357 .0021 

.0635 

.2898 

.2297 

2.01 

o.U 

“8 

-.0766 

,21U8 -.037U .006U 

.11U2 

.6669 

.3051 

2.01 

o.U 

0 

-.OUO6 

.2129 -.033U -.0005 

-.ooUl 

-.0063 

.2126 

2.01 

6.5 

0 

.272U 

.1898 -.0069 -.0002 

-.0132 

-.0203 

.219U 

2.01 

6.5 

-u 

.2662 

.1896 -.0066 -,002U 

.OU55 

.3683 

.2U37 

2.01 

6.5 

-8 

.2301 

.1928 -.0021 -.0019 

,0802 

.8077 

.3279 

2.01 

0 

0.3 

-.0596 

,2076 -.03UI -.0005 

-.0068 

-,020U 

.2077 

2.01 

3.0 

0.3 

.08U7 

.1996 -.0183 -.0003 

-.0079 

-t.0293 

.2039 

2.01 

6.0 

0.3 

.2U15 

.188U -,006U -.0002 

-.0083 

-.0U20 

.2128 

2.01 

9.0 

0.3 

.U078 

.18U5 .0015 -.0001 

-.007U 

-.0585 

.2U63 

2.01 

12,0 

0.3 

.6055 

.1830 .0072 -.0001 

-.OOU6 

-.0815 

.3053 

2.01 

-3.0 

0.3 

-.1977 

,21UU -.0523 -.OOOU 

-.0051 

-.OlUl 

.22U5 

2,01 

-6.0 

0.3 

-.3Ua3 

.2258 -.0719 -.0003 

-.0031 

-.0089 

.2610 

2,01 

0 

0.3 

-.0565 

.20U7 -.03UO -.OOOU 

—.0068 

-•020U 

•20U8 
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TABLE XII.- PRESSUBE COEITICIENTS FOB CONFIGURATION WITH FORWARD-LOCATEII VEE-WDnjSHIELD CANOPY - Continued 


(a) M»I.4I 
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TABLE XII.- PRESSURE COEFFICIENTS FOR CONFIGURATION WITH FORWARD- LOCATED VEE -WINDSHIELD CANOPY - Continued 


(b) M=2.0I 
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.377 


.229 


.UD7 

•U33 


.531 


.572 

.077 


.182 


.051 

.022 

.026 


a=Q4o. ^=-8® 

333 i 


.207 .136 .023 -.069 -.05 

•207 


*361 

•1U6 


*136 


•Ut^ 

.089 





.3U2 .021* 

.036 

.023 

.023 

.567 

.533 

.U9 -.023 

-.127 

-.005 -.089 


.507 




.513 

.051 -.006 

-.079 

-.108 

-.116 -.11*2 


-.13U -.121 


.166 

.158 .llU 

-.001 

-.062 

-.139 -.123 


.21*6 




CM 

• 

.21*6 

-.027 -.132 

-.1U6 

—.185 -.01*6 


.105 -.117 

-.202 

-.211 

-.05U 


-.132 




.095 





^018 

-.132 


-.08U 



.016 -.0li6 


-.053 

-.053 -.08U -.0514 -.0U6 -.Oij 


0=^5% ^=0 


.19U 

.165 

.079 

•055 

-.007 -.081 -.082 




.055 


.202 





.219 

.268 .169 

.007 


-.007 


.22U 

-.050 



.291 


.157 -.082 

-.099 

-.086 -.061 


.319 

.296 

.OOU -.109 

-.135 -.051 -.082 



.260 




.333 

.110 .057 

-.021* 

-.071 -.126 -.033 
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TABLE XIII.- PRESSURE COEFFICIENTS FOR CONFIGURATION WITH FORWARD- LOCATED ROUND-WINDSHIEliD CANOPY - Continued 


(a) M=I.4I 



(b) M=2.0I 

o=0^/9=-4‘ 


j P*u 

•7Z5 

•U66 

.390 

.350 

.305 

.237 

•I7I1 

.100 

•089 

.033 

.020 


.020 

57i 





.305 



.079 

.089 





li5 



.390 


.302 

.283 

.186 

•066 

.007 

.033 




30 


•i»66 

.iiue 

.laa 

•360 

.330 

.232 

.085 

-.007 

.027 

.020 



15 


.603 

.551 

.528 

.1»93 


.293 

.063 

-.021 

-.039 

.003 



3 




.635 


.555 

.30U 

.038 

-*06l 

-.090 

-.103 

—057 

.020 

0 

.725 


.612 


.598 


♦279 


^072 


-.102 

-.036 

•on* 

-3 




.5Ja 


•li26 

.186 

-.036 

-.125 

-.11*8 

-.192 

-.11*2 

-•060 

-45 


•3U7 

.263 

.216 

.185 

.129 

.032 

-.U7 

-.157 

-.150 

-.136 



-30 


•1U3 

.083 

.079 

.050 

.039 

-.016 

-.107 

-.153 

-.158 

-.051* 



Ji5 



.063 


.032 

.02U 

-.035 

-.Ul 

-.150 

-.105 




-57i 





.032 



-.088 

-.073 





•~P*L* 

•628 

•1U3 

.063 

.056 

.032 

.OOlt 

-.023 

-.061* 

-.073 

-.105 

-.051* 


-.060 







a - 

0 

0 

j 3-8 

0 





P.L. 

.709 

.579 

.502 

.1*66’ 

.iil9 

.338 

.261 

.176 

.158 

.090 

.061 


-.073 

57i 





.W.9 



.152 

.158 





U5 



.502 


.1108 

.383 

.273 

.139 

.079 

.090 




30 


.579 

.566 

.528 

.1465 

.1*39 

.320 

.155 

.055 

•lOi* 

•061 



15 


.665 

.636 

.6lU 

.578 

.521* 

.377 

.121 

.023 

.001 

.028 



3 




.633 


.570 

.322 

.01*3 

-.058 

-.m 

-.158 

-.123 

-.073 

0 

•709 


.576 


.572 


.261* 


-.090 


-.181 

-.112 

-.061 

-3 




.636 


.555 

.301* 

.037 

— .063 

-.090 

-.102 

-.058 

.020 

-15 


.605 

.552 

.530 

.I49I4 

.1*35 

.295 

.063 

-.021 

-.038 

.005 



-30 


.U67 

.1^50 

•U20 

.36I4 

.332 

.231* 

.087 

-.006 

.029 

.022 



-U5 



.391 


•5O1* 

•2oU 

•169 

.067 

.009 

.033 




-57j 





.309 



.060 

.091 





-P.U 

•72li 

Ji 67 

.391 

.352 

.309 

•238 

.176 

.133 

•091 

.033 

.022 


.020 
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TABLE XIII.- PRESSURE COEFFICIENTS FOR CONFIGURATION WITH FORWARD- LOCATED ROUND-WINDSHIELD CANOPY - Continued 

(b) M=2.0) 


\^l 

•002 

•036 

.088 

•12U 

.160 

.21? 

•260 

.311 

.356 

•1*1(0 

•600 

.626 

.988 





















a = 

6.5* i 

/ 3 =- 

4“ 





P*L. 

.557 

'•365 

•3U0 

.315 

.298 

.235 

.177 

.096 

.072 

•X2 

-.033 

-150 

—033 

$ 7 i 





.298 



.076 

.072 





hS 



.31(0 


•261 

.261 

.173 

.060 

.011 

.002 




30 


•365 

•361( 

.357 

.306 

•26U 

.193 

.057 

-.027 

•Oil* 

-.033 



1 $ 


.U79 

•U3U 

.103 

.381 

.332 

•21U 

.009 

-066 

-.082 

-.061 

—150 


3 




.1|69 


.399 

.1814 

-.01*3 

-.122 

—11*0 

-125 

-.078 

-033 

0 

.557 


.U55 


•U3U 


.159 


-129 


—116 

-081 

—056 

-3 




.U25 


.327 

.U5 

-•080 

-11*6 

— lUo 

— 12U 

— m 

-U5 



.328 

.256 

.229 

•20U 

.159 

.059 

-•096 

—11(2 

-13U 

-.05U 

-.035 


-30 


•181 

.162 

.165 

•12U 

.106 

.0U3 

-.059 

-117 

-.09U 

-071 






.llid 


.106 

.100 

.035 

-.052 

—089 

-083 




-57i 





.119 



-.03U 

-.032 





-P.U 

•517 

•161 

.iiid 

.128 

.U9 

.066 

.0U5 

-.016 

-032 

-.083 

—071 

-035 

-.115 


a=6.5®;/9=-8® 


P.L. 

.530 

.1*78 

.1*1*2 

.1*23 

.397 

.325 

.255 

•16U 

.136 

.050 

*003 

-11*8 

—068 

57i 





.397 



.11*3 

.136 





U5 



.1*1*2 


.379 

.31*6 

.21*9 

.126 

.075 

.050 




30 


.U78 

.1(87 

.1*5U 

.395 

.375 

.270 

.116 

.021* 

.075 

.003 



15 


.527 

.501 

.1*82 

.UU9 

.1*06 

.279 

.055 

-033 

-.050 

—01*1* 

-11(8 


3 




.U55 


•1*05 

.193 

-01*2 

—121 

-177 

—226 

-.1U9 

-068 

0 

.530 


.1*13 


.1^ 


.138 


-.151* 


—212 

-.161 

-086 

-3 




.370 


•270 

.070 

—112 

—180 

-196 

-.216 

—160 

-08U 

-15 


.23U 

.169 

.129 

.101 

.056 

-.023 

—11*7 

—179 

-163 

— 068 

-01(6 


-30 


.087 

.052 

.065 

•01*3 

.026 

-.021* 

—107 

-151* 

-.130 

-.068 



-1(5 



.061 


.035 

.036 

—019 

-095 

-125 

—112 




-57i 





.01*9 



-.071 

-069 





•P.L. 

•1*60 

.087 

.061 

.05U 

.01*9 

.032 

—003 

—053 

-.069 

— U2 

-.068 

-oli6 

-oeu 








a ~- 

•6.0“ i 

^=03“ 





P . L . 

.900 

.1( U 5 

.321 

.269 

.219 

.151. 

.100 

.01*0 

. CU 2 

,002 

.0 U 5 

-.002 

.077 

57| 





.219 


.085 

.007 

.01*2 





1(5 



.321 


.231 

.21 ii 

.117 

— C 02 

— C 67 

,002 




30 


.1(1*5 

.386 

.371 

.313 

.276 

.377 

.033 

-. Cl *8 

-.057 

.0 U 5 



15, 


.679 

.587 

.51*7 

.512 

.1*38 

.386 

.01*7 

-.030 

-.032 

-.027 

—002 


3 




.608 


.669 

.396 

.102 

-.010 

-.030 

-.055 

.025 

.077 

0 

1 .900 


.811 


,801 


. U 05 


,002 


-. CU 3 

.030 

.087 


a=-3.0°i;8=Q3» 


P.L. 

.eou .390 

.291 

.21*3 

.203 

.11*8 

.096 

.036 

.033 

-.009 

.020 

-.022 

•060 

571 




.203 



•010 

.033 





45 


.291 


•210 

.197 

•108 

.001 

-.061 

-.009 




30 

.390 

.31*1* 

.335 

.278 

.21*1* 

.155 

.025 

—056 

-.056 

•020 



15 

•600 

.517 

.U77 

.1*1*6 

.379 

•21*3 

.022 

-.01*8 

-.055 

-.016 

-.022 


3 



.710 


•610 

.337 

.06U 

—038 

-.055 

0 

1 

.010 

•060 

0 

.801* 

.723 


.698 


.351 


-028 


-.057 

.017 

.069 
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TABI£ XIII.' PRESSURE COEFFICIENTS FOR CONFIGURATION WITH FORWARD- IOC ATED ROUND -wmPSHIELD CANOPY - Concluded 


(b) M=2.0I 
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TABLE XIV.- PRESSURE COEFFICIENTS FOR CONFIGURATION WITH REARWARD- liOCATZD FLAT -WINDSHIELD CANOPY 


(a) M>I.4I 


BQI 

-.002 .006 

.03$ 

.072 

.137 

.181 

.206 .210 .228 .261* .306 

.365 

•itltU 

.606 

.862 

.990 














a=0.4%^«0® 

P.L. 

,601 

,liU3 


.059 


.027 .005 -.082 

-.U9 


-.11*0 


.067 

33* 




.059 

.OUl 

-090 

-•U9 





»* 


,iiU3 

.291 


,0U7 

-.065 

-,21a 

-.175 

-.liiO 



13* 


•1>81 










U 

9 

,70U 

,59U 


,2U 

.122 

,003 -.213 


-.198 

-.lia 



7* 



.553 









6 




.525 








5 





.233 







3 

.789 



.519 

.I 4 IO 

-.25U -.186 -.177 

-.228 

-.261 

-.126 

-.057 

,067 

0 



.611 



,209 -.205 

-.226 


-.215 




a*0.4»i/3-4* 

P.u 

,720 

.556 


.159 


.m ,086 -.016 

-.058 


-.11*9 


,053 

33* 




.159 

aU9 

-.on 

-.058 





2?i 


.556 

.IjOO 


.171 

.031 

-.173 

-.136 

-.U*9 



13* 


.596 










12 

,726 



.331* 

.2U5 

.111* -.158 


-.186 

-.191* 



9 


,66L 










7* 



.61U 









6 




.512 








5 





.293 







3 

.796 



.530 

.ti31 

-.135 -.11*8 -.230 

-.261 

-.21)7 

-.221 

-.080 

,053 

0 



.599 



.206 -,2?9 

-.270 


-.200 



-3 

,771 



.501 

.387 

-.356 -.257 -.213 

-.261 

-.258 

-.165 

-.121 

•oia 

-5 





a96 











,361* 








-7* 



.li58 









-9 


.U95 










^2 

.655 



.083 

•«016 

-.133 -.269 


-.233 

-.U9 



-13* 


.323 










-22* 


.317 

.177 


-.076 

-.167 

-.306 

-.183 

-,U2 



-33* 




-.036 

-.063 

-.160 

-.177 





-P.L, 

,U<0 

.317 


-.036 


-.OW -.069 -.lU 

-.177 


-*U2 


.oia 

a=0.4» ; /3=-8“ 
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(0) M=J.4) 


«/f .010 .030 .066 .096 .133 .176 .226 .260 .302 .360 .UlO .600 .656 . 992 


a=0.4'»jy9=0 
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• TWljf XVI. •• PRES^rite COM^IENOf FOR JoNFIGUIATION WI^ I^AwaJd-iJiCATeJ ROUMD-WDtDSHIELD CANOPY - Continued 
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(a) M=I.4I 



,010 

.030 

.068 

.096 

.133 

.176 .22U .260 .302 

.360 ,I*U) 

.600 .856 

.992 

a=9.0®;/S=Q3* 

P*L. 

.U7U 

•3UI* 

.275 

.260 

.205 

.139 .021 -.030 -.061* 

-.11*6 -.173 

—227 -.081* 

.11^ 

33i 






.139 .01*0 -,U0 

—li*6 



2?» 




.260 


.11*5 -.001 -.180 

-/225 -.195 

-.227 


12 


•3liU 


.353 

.261* 

.160 -.022 -.130 ^238 

—315 -.21*0 

—161* —061* 


3 

•U7i* 

.511 

.1*37 

.1*10 

.393 

-.061 -.272 

-.231* 

-.129 

•Il4) 

0 


.516 


♦U35 


-.025 -.151* 

-.309 

-.131 

.173 

a=l2.0®i)S=Q3» 

P.L. 

.1j05 

.301 

.2U8 

.21*5 

.193 

.135 .031 -.021 -.057 

-.138 —175 

-.256 -097 

.161* 

33t 






.135 .059 -.099 

-.138 



22J 




.2U$ 


.11*6 -.002 -.175 

—222 —207 

-.256 


12 


.301 


.33U 

.2U5 

.11*2 -.031* -.11*2 -.251 

—321* —258 

—175 -.097 


3 


.1*57 

.396 

.365 

.31*6 

-.091* -.291* 

-.227 

-.131 

.161* 

0 


.U66 


.389 


-.061* -.186 

—317 

-.ui* 

.179 


(b) M=20l 


a»0.4%yg=-4° 


P.L. 

.696 

.535 

.1*36 

.IrfX) 

•330 

~^ia 

.129 

•060 .01*8 

-.003 

—017 

—078 

—128 

1 

33i 






.2ia 

.U6 

.010 

-.003 





2 ?i 




.1*00 


.291 

.171 

—007 

-C65 

-.038 

—078 



12 


.535 


.555 

•1*61* 

.383 

.213 

.109 —010 

—102 

-C99 

-.091 

—128 


3 

.696 

.69U 

.619 

.601* 

.605 


.200 

-.Cli5 


—123 

-.139 

-.082 

.018 

0 


.660 


.586 



.190 

.082 

— 12U 


-.137 


.017 


.560 

.580 

.530 

.535 

.527 


.122 

—082 


-.13c 

—138 

-.120 

-.013 

-12 


.290 


.301* 

.2U5 

.180 

.01*1* 

—C30 —108 

—162 

-11;7 

—095 

-.025 


-225 




.356 


.091* 

.009 

—120 

—170 

— 12U 

-.095 



-335 






.01*5 

-.01*2 

-.109 

-.106 





-P.L. 

.560 

.2?0 

.197 

.156 

.122 

.0U5 

—031 

-.058 -.077 

—106 

—108 

-.095 

—025 

—013 


a=0.4»;^=-8“ 

P.L. 

.716 

.635 

.551 

.530 

.1*36 

.351 

.223 

.165 .123 

.057 

.039 

—050 

—129 

-.059 

33i 






.351 

.211 

.081* 

.057 





2?i 




.530 


.393 

.258 

.057 

-.001* 

•Oil* 

—050 



12 


.635 


.660 

.561 

.1*70 

.290 

.170 .036 

-071 

—068 

—081* 

—129 


3 

.716 

.703 

.620 

.595 

.606 


.211* 

-.051 


—151* 

—206 

—156 

-.059 

0 


.611* 


.537 



.159 

.061* 

-153 


—227 


—01*9 

-3 

.U56 

.1*87 

.1*52 

.U66 

.U57 


.072 

-.119 


-185 

—226 

-166 

—061 

-12 


•169 


.171* 

.133 

.078 

-.039 

-.C99 -.157 

—198 

-.177 

-1U5 

-.079 






.01*3 


.002 

-.067 

-.167 

—206 

-.160 

-.111* 



-33i 






-.038 

-.109 

-.153 

-.11*6 





-P.L. 

.U56 

.169 

•066 

.0U3 

.030 

-•C38 

-.091 

—110 — 12U 

-.11*6 

— lUl* 

—111* 

-.079 

—.061 
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TABLE XVII.- PREi‘.r,:jRK COfcj-TICIEtrrr. FOR CONFIGUiL'CION WITH FORWARD- DOC ATED SMALL FLAT -WINDSHIELD CANOPY - Concluded 


(b) M=2.0I 
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TABIE XVIII.- PRESSURE •COEFTICIEinB FOR CONFIGURATION WITH REARWARD-IiKATED SHALL FLAT -WINDSHIELD CANOPY ■ 


(a) M'I.4I 
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table XVIII.- PRESSURE COEFFICIENTS FOR CONFIGURATION WITH REARWARD- LOCATED SMALL FLAT -WINDSHIELD CANOPY - Concluded 


(b) M=2.0I 


-.011 0 

.oou .052 .102 .1U2 .11(9 .193 

.21*9 .321* .1*67 .662 .eou .985 



a=6.5°:/Q 

=-8" 
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Figure 2.- Details of canopy- fuselage model showing round- windshield canopy in the rearward loca- 
tion. All dimensions are in inches. 




Typical section in X— Y plane 


(a) Method of development of flat-faced canopies from basic or round- 

faced canopies. 




Typical section in X— Y plane 


(b) Method of development of vee- faced canopies from basic or round-faced 

canopies . 

Figure 5*- Method of development of flat and vee- winds hie Id canopies from 
'the basic or round-windshield canopy. All dimensions are in inches. 
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Figiare 4 .- Details of canopy- fuselage model showing small forward- located flat-windshield canopy. 

All dimensions ai*e in inches. 
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St: 



( a) Body alone . 


Forward-located oonopes 



Rearward- located canopies 



(b) Large flat-windshield configurations. 



(c) Large vee-windshield configurations. 




(d) Large round- windshield configurations. 



L-89387 

(e) Small flat-windshield conf igirrations . 

Figiire 6.- Photographs of models. 
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Figure 7*- Incremental drag coefficients for the several canopy configura 
tions at various angles of sideslip for M = 1.4l and 2.01 and a = 0 
and 6 . 5 °. Tailed symbols are check points. 
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Q Large forward-located canopy 
^ Large rearward -located canopy 
m Small forward- located canopy [ 
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M=I.4I 

present tests 


Bodies of revolution; M=l.40; ref. 7 


K - Location of station of maximum cross-section area , percent of length 
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Fineness ratio 

Figure 8.- Incremental drag coefficient (based on canopy maximum 

cross-section area) for flat-windshield canopies compared with drag 
coefficients for bodies of revolution having various locations 

of maximum diameter (ref. 7)- 
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For scheme of meridian location 
see sketch in TABLE XI 


(a) a = 0.4°; P = 0 °. 

Figure 9 .- Effect of windshield shape on pressure-coefficient distribu- 
tions on large forward- located canopies at M = 1.4l. 
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(e) a = 6 . 5 °; 3 = -4°. 
Figure 9*- Continued. 
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Figure 10.- Effect of windshield shape on pressure-coefficient distrihu 
tions on large forward- located cainopies at M = 2.01. 
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(d) a = 6.5O; p = 0°. 
FigiJre 10.- Continued. 
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(a) a = 0-L°; 3 - 0°. 

Figure 11.- Effect of windshield shape on pressure-coefficient distribu- 
tions on large rearward- located canopies at M = 1.4l. 
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(d) a = 6 . 5 °; p = 0 °. 


Figure 11.- Continued. 
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Figlire 11.- Concluded 
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(a) a = p = 0°. 

Figure 12.- Effect of windshield shape on pressure- coefficient distribu 
tions on large rearward- located canopies at M = 2.01. 
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see sketches in TABLES XVII 
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(a) a = O.L°; p = 0°. 

Figure 15*- Pressure distributions on small canopies at M = 1.4l and 2.01 
for various angles of attack and sideslip. 
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(b) a = 0.4°; p = -4°. 
Figure 13.- Continued. 
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(d) a = 6 . 5 O; 3 = QO. 
Figure I 5 .- Continued. 
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(e) a = 6 . 5 °; 3 = -4°. 
Figure 15 •- Continued. 
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(b) a = 0.4°; 3 = -4°. 



(c) a = 0.4°; 3 = -8°. 

Figure l4.- Pressure distributions on body alone at M = 1.4l and 2.01 
for various angles of attack and sideslip. 
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(d) a = 6.50; p = 0°. 
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(f) a = 6.5°; p = -8°. 


Figure l 4 .- Concluded. 
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Figure IT-- Pressure distribution on body alone at M = 1.4l and 2.01 
for various angles of attack and 0.5° sideslip. 






Figure l8.- Pressure coefficient contours on one-half the frontal projec 
tions of each of the large forward- located canopies for M = 1.4l 
and 2.01. 
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Figure 20.- Pressure coefficient contours on one-half the frontal projec- 
tions of each of the small canopy configvirations at M = 1.4l and 2.01. 
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